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ABSTRACT: The objective of this study was to deter-
mine whether the effect of restraint stress on cortisol,
LH, and testosterone varied among sexually inactive
and sexually active female- and male-oriented rams,
to allow differentiation among ram classes. Restraint
stress or no stress was imposed on sexually inactive
(n = 7) and sexually active female- (n = 17) and male-
oriented (n = 6) rams in a 2 × 3 factorial arrangement.
Rams were assigned to restraint or control within each
classification. Rams were habituated to wearing halters
and being tethered in separate pens, permitting visual,
vocal, and olfactory contact with adjacent rams for 7 d
before treatment. After 1 d of habituation, rams were
fitted with jugular catheters that were checked twice
daily for patency. For restraint stress, rams were laid
on their side with their legs tied for 1 h. For no stress,
rams were tethered with halters and leads, but their
legs were not tied. On the treatment day, blood was
collected at 30-min intervals for 3 h followed by 15-min
intervals for 1 h before restraint, during 1-h restraint,
and for 1 h after liberation from restraint. Then blood
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INTRODUCTION

Rams with distinctly different sexual behaviors do
not have overt phenotypic characteristics or basal sys-
temic concentrations of LH, testosterone, or estradiol
(Alexander et al., 1993) that differentiate them. How-
ever, there are distinct differences among classes of
rams in their brains and in their hormonal responses
to various stimuli that may lead to an efficient means
of identifying ram classes.

Differences exist in brains from various ram classes:
volume of ovine sexually dimorphic nucleus and level
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was collected at 30-min intervals for an additional 2 h.
Blood was collected from controls at similar intervals.
Control rams were isolated from stressed rams. Corti-
sol, LH, and testosterone were measured using RIA.
Mixed model analyses with repeated measures were
used on transformed data. Average prestress data were
used as a covariate. Cortisol increased (P < 0.01) within
15 min after restraint and remained increased until 1.5
h after liberation from 1-h of restraint stress. In con-
trast, in controls cortisol remained unchanged at 5 ng/
mL. Cortisol did not differ over time among ram classes,
and the treatment × ram class × time interaction was
not significant. For LH and testosterone, the ram class
× time interactions appeared to compromise the ability
to identify differences in these hormones, indicating
that they were not good endocrine candidates for meth-
ods of classifying rams. In conclusion, restraint stress
increased cortisol in sexually inactive and sexually ac-
tive female- and male-oriented rams alike, thus not
providing a method to differentiate among ram classes.

of aromatase expression within this nucleus differ for
female- and male-oriented rams and ewes (Roselli et
al., 2004); estrogen receptor content in amygdala of
male-oriented rams is similar to the ewe and less than
that for female-oriented rams (Perkins et al., 1995).

Differences exist in hormonal response to various
stimuli among ram classes: high sexual performance
rams respond with increased LH and testosterone to
prolonged exposure to estrual ewes, unlike low sexual
performance and male-oriented rams (Perkins et al.,
1992); LH and testosterone increases to naloxone were
earlier and testosterone was greater in sexually active
than inactive rams (Stellflug et al., 2004); under anes-
thesia-induced stress, testosterone concentrations were
greater and cortisol lower in female-oriented than in
male-oriented and asexual rams (Roselli et al., 2002),
suggesting that increased stress responsiveness may
be correlated with decreased libido.
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Given these differences and that there are varied
responses to stress between sexes (Tillbrook et al.,
1999), the working hypothesis was that rams with dif-
ferent behavioral classes should respond differently to
stress to allow differentiation of ram classes. Thus, the
objective for this study was to determine whether a
reliable stressor (restraint) would differentially affect
cortisol, LH, and testosterone in sexually inactive, sexu-
ally active female-oriented, and male-oriented rams
allowing for separation among ram classes.

MATERIALS AND METHODS

General

Rams and ewes were kept at the USDA-ARS US
Sheep Experiment Station, Dubois, ID, located at 44°
14′N and 112° 11′W. The USDA-ARS US Sheep Experi-
ment Station Animal Care and Use Committee ap-
proved all animal protocols. All animals were offered
long-stem alfalfa hay (relative feed value of 165) at 2.2%
of BW (DM basis) daily and were given free access to
water and trace mineral salt [Redmond T.M. (2,000
ppm of Mn; 3,500 ppm of Zn; 600 ppm of Fe; 300 ppm
of Cu; 80 ppm of I; and 50 ppm of Co), Redmond Miner-
als Inc., Redmond, UT] in outside paddocks. The ewes
were ovariectomized and estrus-induced using 60-mg
6α-methyl-17α-hydroxyprogesterone acetate pessaries
(Pharmacia and Upjohn, Kalamazoo, MI) and injection
of 50 �g of estradiol 17β, as explained in detail pre-
viously (Stellflug and Berardinelli, 2002). Ewes were
considered to be in estrus when they would stand to be
mounted by a ram.

Sexual Performance Tests

Thirty rams [2- to 3-yr old Targhee (n = 13), Polypay
(n = 7), and Rambouillet (n = 10)] were selected based
on 3 types of sexual performance tests: 1) a preliminary
screening test, in which rams were observed for 30 min
with 3 estrus-induced ewes (Snowder et al., 2002), and
rams were initially classified as sexually inactive (no
ejaculations) or active (1 or more ejaculations); 2) a
series of nine 30-min serving capacity tests (Stellflug
and Berardinelli, 2002), in which rams were observed
with 3 estrual ewes; and 3) four 30-min sexual partner
preference tests (Stellflug and Berardinelli, 2002) in
which rams were observed with 2 restrained estrual
ewes and 2 restrained rams. Rams were classified as
sexually inactive, sexually active with ewes (female-
oriented), or as exclusively sexually active with rams
(male-oriented). Sexually inactive rams had no ejacula-
tions per test; sexually active female-oriented rams had
a range of 2.6 to 3.6 ejaculations per test; and male-
oriented rams had a range of 3 to 21 mounts per test
on rams, for an average of 9.0 mounts per test.

Habituation and Administration
of Restraint Stress Test

Rams were habituated to wearing halters, being teth-
ered, and standing in separate pens. Rams had visual,

vocal, olfactory, and tactile contact with a neighboring
ram for 7 d before administering stress treatments in
early October (during the breeding season). After 1 d
of habituation, all rams were fitted with indwelling
jugular catheters to minimize stress associated with
blood collection. Habituation included checking patency
of the catheters in the morning and afternoon daily.

Rams were randomly assigned to 2 stress treatments
within ram class (sexually inactive, sexually active fe-
male-oriented, or sexually active male-oriented) in a 2 ×
3 factorial arrangement. Treatments consisted of either
control (nonstressed) or restraint stress. Control rams
were tethered with halters and leads, but not tied down,
remained in individual habituation pens for the 8-d
period, and were isolated from stressed rams in the
opposite wing of the barn. Control rams had the freedom
to stand or lie down throughout the blood collection
procedure. Both wings of the barn are set up identically
to each other. Restraint-stressed rams were tethered
with halters and leads and remained in individual ha-
bituation pens. For the 1-h restraint period, rams were
laid on their side with their front legs tied together
and their hind legs tied together with separate hobbles.
Hobbles (46.2 × 2.6 cm nylon straps with buckles) were
used to reduce abrasion and allow consistent tightness
of restraint. The final distribution of the rams to treat-
ments was 7 sexually inactive rams (4 controls and 3
stressed), 17 female-oriented rams (8 controls and 9
stressed), and 6 male-oriented rams (3 controls and 3
stressed).

Blood Collection Procedure

Blood samples were taken via indwelling jugular
catheters (16 gauge, 1.7 × 133 mm Angiocath, Becton
Dickinson, Sandy, UT). Samples were collected at 30-
min intervals for 3 h before treatment, at 15-min inter-
vals for 1 h before and for 2 h after the onset of treat-
ment, followed with 30-min intervals for an additional
2 h after treatment, for a total of 8 h. Blood was collected
from control rams at the same times it was collected
from stressed rams. The blood collection intervals were
chosen based on the collection protocol used for previous
studies with naloxone (Stellflug, 2002; Stellflug et al.,
2004), with the exception of longer sampling periods
before and after treatment to monitor cortisol and tes-
tosterone, which were the 2 main hormones of interest
for this study. The collection intervals were not de-
signed to evaluate LH pulse characteristics, which re-
quires sampling approximately every 6 min for 10 to
12 h and the use of the MUNRO (Ji et al., 1989) or
Cluster algorithms (Veldhuis and Johnson, 1986). The
blood was drawn with 6-mL syringes and transferred
into 5-mL glass tubes containing 2 drops of heparin (50
USP units of H3393 porcine heparin/mL of physiologi-
cal saline; Sigma, St. Louis, MO). Plasma was harvested
and stored at −20°C until cortisol, LH, and testosterone
concentrations were measured.
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Hormone Assays

Plasma concentrations of cortisol were quantified us-
ing RIA kits (Diagnostic Products Corp., Los Angles,
CA). The intra- and interassay CV were less than 9.5
and 12.6%, respectively, for 5 assays, with a sensitivity
of 0.02 ng/mL.

Plasma LH concentrations were quantified using a
validated RIA procedure (Perkins et al., 1992) that in-
cluded anti-oLH AFP-192279 and oLH AFP-8614B for
iodination and standards, which were obtained through
the National Hormone Pituitary Program of the Na-
tional Institute of Diabetes, Digestive, and Kidney Dis-
eases. The intra- and interassay CV were less than
7.1 and 10.5%, respectively, for the 2 assays, with a
sensitivity of 0.25 ng/mL. The value for sensitivity of
the assay was used for samples that were less than the
detection limit.

Plasma concentrations of testosterone were quanti-
fied using RIA kits (Diagnostic Products). Cross-reac-
tivity was 3.3% with 5α-dihydrostestosterone. The in-
tra- and interassay CV were less than 10.9 and 6.4%,
respectively, for 5 assays, with a sensitivity of 0.04
ng/mL.

Statistical Analyses

Cortisol, LH, and testosterone data were analyzed
using mixed model procedures of SAS (SAS Inst. Inc.,
Cary, NC) for specific repeated measures. The cortisol
and testosterone data were evaluated for all time peri-
ods before treatments were administered and all time
periods after onset of treatment, including the time
just before treatment, in separate analyses for each
hormone. The LH data only included the values from
samples collected at 15-min intervals, with the pre- and
post-treatment samples evaluated in separate analy-
ses. Corresponding average pretreatment values were
used as a covariate in the after treatment analyses.
The main plot included terms for ram class (sexually
inactive, sexually active female-oriented, or sexually
active male-oriented rams), treatment, and ram class
× treatment. The subplot included sample time, ram
class × sample time, treatment × sample time, and ram
class × treatment × sample time. Ram class and treat-
ment were tested with rams nested within ram class
and treatment. The subplot was tested with the resid-
ual. Degrees of freedom were calculated using the Ken-
ward-Roger procedure (Kenward and Roger, 1997). The
first-order autoregressive moving-average command
was used to structure the covariance matrix.

Data for cortisol, LH, and testosterone showed het-
erogeneous variance using Bartlett’s Box F-Test. To
normalize variances among rams for fixed effects, corti-
sol and LH values were transformed to the natural
logarithm, and testosterone values were transformed to
the inverse square root. Cortisol, LH, and testosterone
least squares means and confidence intervals were
changed back to their original units after analysis. A

SE for the original units was estimated using the 95%
confidence intervals; this is an approximation (approxi-
mate SE) and not appropriate for estimating confidence
intervals for means that would asymmetrically match
the data distribution. If the main effects or their inter-
actions were significant (P < 0.05), Fisher’s protected
LSD was used as a postanalysis test for mean sepa-
ration.

In addition, the testosterone profiles were evaluated
with algorithms by using the Pulse XP programs (Veld-
huis and Johnson, 1986). Area under the curve and
number of peaks before and after stress treatment were
calculated for testosterone. Data from the Pulse 2 algo-
rithms were used for Deconvolution algorithm analyses
(Veldhuis et al., 1987). Values for area under the curve
had heterogeneous variance using Bartlett’s Box F-Test
and were transformed to the natural logarithm to nor-
malize variances before analysis with the mixed model
procedures of SAS. The model included terms for ram
class, treatment, and ram class × treatment with ram
within ram class as a random effect. The number of
testosterone peaks before and after stress treatments
was analyzed with Glimmix procedures of SAS. Number
of peaks over 1 was recorded as 1 peak for a binomial
distribution because of limited incidence. The model
included terms for treatment and period of peaks (be-
fore and after stress treatments) and treatment × period
with ram within treatment as a random effect. Tests
of simple effects were provided between periods for
each treatment.

RESULTS

During the 4 h before treatments, cortisol only varied
(P < 0.05) over time, reflecting acclimation to the sam-
pling regimen. Briefly, there was an increase in cortisol
from 3.1 ± 0.6 ng/mL to 5.0 ± 0.9 ng/mL 30 min after
the first sample followed by a fluctuation of cortisol
concentrations around 2 to 4 ng/mL until an increase
at time 0 (4.6 ± 0.9 ng/mL) just before treatment. The
variation in cortisol concentrations before treatment
was accounted for with the use of a covariate that indi-
cated (P < 0.001) improved precision of the test for fixed
effects after treatments. Cortisol increased (P < 0.01)
within 15 min after onset of restraint in the stressed
rams and remained increased until 1.5 h after the end of
the 1-h restraint stress (Figure 1). In contrast, cortisol
remained unchanged at approximately 5 ng/mL in con-
trol rams. Cortisol did not differ over time among the
ram classes, and the treatment × ram class × time inter-
action was not significant.

Before treatments, LH profiles for sexually inactive
stressed rams and male-oriented control rams inter-
sected with sexually active control rams at 15 min be-
fore treatment as indicated with the treatment × ram
class × time interaction (P < 0.05). Even though the
variation in LH before treatments did not result in
a significant covariate in the separate analysis after
treatments, the interaction before treatments suggests
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Figure 1. Least squares means for cortisol for 4 h after
the onset of stress treatment (n = 15 controls, or n = 15
restraint stress) that were administered at time zero in a
2 × 3 factorial arrangement. Average prestress data as a
covariate accounted for some of the variability (P < 0.001)
and strengthened the tests for variables and interactions
in the main plot and subplot. Cortisol increased (P < 0.01)
within 15 min after the onset of restraint stress for all
3 ram classes (sexually inactive, sexually active female-
oriented, and sexually active male-oriented rams) and
remained elevated for 1.5 h after restraint ended at 60
min after the onset of treatment, compared with low con-
centrations of cortisol throughout the 4-h period in control
rams from each ram class; only these data are depicted
in the figure. The treatment × ram class × time interaction
was not significant. The estimate of variability is depicted
by estimated SE of the least squares means because of
data transformation.

that LH was not a good candidate endocrine measure
for selection/screening of rams.

Before treatments, testosterone concentrations var-
ied at random with intersecting lines for each ram class
and as indicated with the treatment × ram class × time
interaction (P < 0.001). Even though the variation in
testosterone concentrations before treatment was ac-
counted for with the use of a covariate, the interaction
suggests that testosterone was not a good candidate
endocrine measure for selection/screening of rams.

After onset of treatments, testosterone concentra-
tions varied at random with intersecting lines for each
ram class as indicated with the ram class × time interac-
tion (P < 0.05). Testosterone remained stable at 18 to
25 ng/mL in controls over time, whereas testosterone
began decreasing at 1.5 h after onset of stress and re-
mained decreased out to 4 h after onset of the restraint
stress for all ram classes combined as shown in Figure
2, and indicated with the treatment × time interaction
(P < 0.05).

Area under the curve for testosterone for the period
after onset of stress treatments differed (P < 0.01) for
treatment but not for ram class and did not differ before
stress treatments. Tests between periods for each treat-

Figure 2. Least squares means for testosterone for 4 h
after treatments were administered at time zero in a 2 ×
3 factorial arrangement (n = 15 controls, or n = 15 restraint
stress). Testosterone was stable in controls over time at
18 to 25 ng/mL, whereas testosterone began decreasing
at 1.5 h and remained decreased to 4 h after the onset of
the restraint stress in all ram classes, as indicated by the
treatment × time interaction (P < 0.05). The estimate of
variability is depicted by estimated SE of the least squares
means because of data transformation.

ment indicated that LSM for number of peaks differed
(P < 0.01) for stressed rams before (0.8 ± 1.0) versus
after (0.4 ± 1.4) stress onset. Incidence of number of
peaks before and after the time of treatments did not
differ for control rams.

DISCUSSION

For this study, restraint stress was used to determine
whether sexually inactive rams or sexually active fe-
male-oriented or male-oriented rams on a multiple sam-
pling regimen had different responses in cortisol, LH,
and testosterone concentrations that would allow differ-
entiation among ram classes. Restraint stress for 1 h
stimulated an immediate cortisol increase similarly in
sexually inactive rams and sexually active female-ori-
ented and male-oriented rams. This is similar to results
from a study using transportation stress (C. E. Roselli,
J. N. Stellflug, and F. Stormshak, Portland, OR, unpub-
lished data); however, it is in contrast to an earlier
report that a combination of anesthesia and immobili-
zation stress resulted in lower systemic concentrations
of testosterone and greater concentrations of cortisol in
sexually inactive or male-oriented rams compared with
high sexual performance, female-oriented rams (Roselli
et al., 2002). In that study, it was not possible to deter-
mine whether the outcome could be attributed to a di-
rect pharmacological action of anesthetic agents on the
central nervous system or to acute stress induced by the
physiological reaction to anesthesia and immobilization
(Roselli et al., 2002). This study with restraint stress
and the study with transportation stress (C. E. Roselli,
J. N. Stellflug, and F. Stormshak, Portland, OR, unpub-
lished data) indicate that stress alone did not result in
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a differential response in cortisol that was related to
sexual behavior classification of rams. The interactions
of ram sexual behavior classifications with time before
restraint were obvious in evaluations of LH and testos-
terone, suggesting that they were not good endocrine
candidates for classifying rams. This is probably related
to low numbers of sexually inactive and male-oriented
rams preventing any conclusions about whether differ-
ences in LH and testosterone existed among these
classes, but if differences do exist the magnitude is not
sufficient to allow for these endocrine variables to serve
as methods of classifying the rams. Thus the hypothesis
that rams with different behavioral classes should re-
spond differently to stress and be a useful means to
differentiate among the 3 classes of rams was not veri-
fied based primarily on similar cortisol responses for
the classes of rams after restraint stress.

The multiple sampling regimen for 4 h before the
stress treatments further substantiates the informa-
tion from other studies (D’Occhio and Brooks, 1982;
Alexander et al., 1999; Pinckard et al., 2000) that varia-
tions in basal testosterone concentrations do not seem
to have a major relationship to sexual performance dif-
ferences observed in adult rams. This concept is sup-
ported in studies with guinea pigs (Harding and Feder,
1976) and rats (Whalen et al., 1961) in which no differ-
ences in circulating testosterone were found between
sexually active and inactive males.

The current study was not specifically designed to
address the LH and testosterone profile relationship in
rams that has been well established (Sanford et al.,
1974; Wilson and Lapwood, 1979; Haynes and Schan-
bacher, 1983). During the 15-min sample collection pe-
riod initiated 1 h before treatment and continuing for
2 h after treatment, there were only a few LH increases
in the individual ram data observed; this is not uncom-
mon for this short a period of observation.

Testosterone concentration is known to increase in
the breeding season (Schanbacher and Lunstra, 1976)
and is probably the reason for the relatively high testos-
terone before stress in the current study. The immedi-
ate increase in cortisol and the subsequent decrease in
testosterone concentration beginning at 1.5 h after on-
set of restraint stress and remaining through at least
4 h after the initiation of restraint in rams is similar
to what has been reported for immobilized rats (Orr
and Mann, 1990) and after stress for bulls (Welsh and
Johnson, 1981; Welsh et al., 1999) and rams (Juniewicz
et al., 1987). The decrease in testosterone concentration
after stress is also supported with the decrease in num-
ber of testosterone peaks observed after stress.

Corticoids are thought to affect the hypothalamic-
pituitary-gonadal axis by suppressing LHRH secretion
in rams (Juniewicz et al., 1987). Others have suggested
that hormones from the adrenal axis suppress the LH
response to LHRH at the level of the pituitary in rams
(Matteri et al., 1984). Suppression at the level of the
pituitary is supported by recent experiments with
ovariectomized ewes during the anestrous period

(Breen and Karsch, 2004). Stackpole et al. (2003) also
reported that in sheep, stress decreases response to
GnRH at the level of the pituitary during anestrus but
not during the breeding season and possibly through
mediators of the stress response other than those from
the hypothalamic-pituitary-adrenal axis. However, a
possible direct effect of corticoids on testosterone at the
level of the testes cannot be ignored based on data for
rats (Welsh et al., 1982; Rivier and Rivest, 1991), and
decreases in testosterone do not have to be associated
with decreases in LH, as observed for rats (Orr et al.,
1994). Further research is needed to investigate the
mechanisms by which stress decreases reproduction,
but it is not readily apparent that this will lead to a
more practical method for identifying different sexual
behavioral classes of rams.

In conclusion, even though rams of different sexual
activity classes have differential hormonal responses
to various stimuli such as estrual ewes (Perkins et al.,
1992) and naloxone (Stellflug, 2002), restraint stress
alone does not induce differential responses in cortisol
in sexual classes of rams. The minimal number of rams
in some classifications prevented conclusions about
whether differences in LH and testosterone existed
among classes of rams, but if differences exist the mag-
nitude would not be sufficient to allow these endocrine
variables to serve as methods of classifying the ram.
Thus, the cortisol response to restraint stress does not
provide a means of differentiating among sexually inac-
tive or sexually active female- or male-oriented rams.
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